INTRODUCTION
In the neonatal intensive care unit (NICU), the evaluation of patients for possible sepsis is common. Sepsis evaluations are performed and empiric antibiotic therapy begun when there is even a remote possibility of infection. This is due to the neonatologist's fear that it may be too late to treat an infection once it becomes apparent that a neonate is septic. Respiratory distress, increase in apnea and bradycardic events, feeding intolerance, lethargy, and temperature instability, as well as minor changes in physical examination or clinical status are some of the conditions that suggest a possible neonatal infection and lead to a sepsis evaluation. Because sepsis evaluations and empiric antibiotic therapy are often initiated for subtle indications, it is imperative that antibiotics be stopped as soon as possible after the workup proves negative. Determination of the appropriate time period in which bacterial cultures can safely be considered negative is the major factor in deciding when to stop antibiotic therapy. Despite three previous smaller reports 1 -3 concluding that 48 hours may be appropriate, in many NICUs, including our own, a 72-hour observation period continued to be used.
The purpose of the current study was to determine the time to detection of all positive bacterial cultures (blood, urine, and cerebrospinal fluid [CSF]) obtained from neonates in the Arkansas Children's Hospital NICU, to establish the appropriate length of antibiotic therapy for negative late-onset sepsis evaluations. We hypothesized that the time required for a majority of cultures to be detected as positive is 48 hours from collection. Additionally, we believe that 48 hours provides a reasonable margin of safety where antibiotics may be discontinued for negative late-onset sepsis evaluations. We also reviewed the bacterial organisms responsible for late-onset infections in the NICU.
METHODS
We retrospectively reviewed the results of all blood, urine, and CSF cultures obtained from neonates during evaluations for suspected late-onset sepsis in the Arkansas Children's Hospital NICU (affiliated with the University of Arkansas for Medical Sciences) from January 1, 1994 through June 30, 1998. Our NICU is a regional level III nursery in which all neonates (gestational age range between 23 and 42 weeks) are transferred from other hospitals, usually within the first day of life. Typically, these neonates had blood cultures obtained and antibiotics
OBJECTIVE:
To establish the appropriate length of antibiotic therapy for negative lateonset sepsis evaluations in the neonatal intensive care unit ( NICU ), based on time to detection of positive bacterial cultures.
STUDY DESIGN:
Culture results from late -onset sepsis evaluations between January 1, 1994 and June 30, 1998 from outborn neonates at the Arkansas Children's Hospital NICU were retrospectively reviewed. The time period from specimen collection to notification of NICU personnel was calculated for positive cultures.
RESULTS:
There were 2783 blood, 724 urine, and 294 cerebrospinal fluid cultures obtained, of which 10.2%, 6.6%, and 5.4%, respectively, were positive for bacterial isolates. Of positive cultures, 98% had a time to detection 48 hours. Of cultures that became positive >48 hours, 7 of 8 grew coagulasenegative staphylococci; 4 were contaminants.
CONCLUSION:
Discontinuing antibiotic therapy for neonates with possible late -onset sepsis and negative cultures at 48 hours is appropriate and is now standard care in our NICU. Original Article
begun at the referring hospitals. Thus, the majority of sepsis evaluations in our NICU were performed to rule out late-onset sepsis (>72 hours of life). Over the 4 1 / 2 -year study period, there were 650 to 800 admissions per year. This study was approved by the University of Arkansas for Medical Sciences Human Research Advisory Committee.
All blood, urine, and CSF cultures obtained from neonates in the NICU during the study period were identified retrospectively by Arkansas Children's Hospital Information Systems. All positive bacterial cultures were further investigated using the Microbiology Laboratory Internal Inquiry database. This database consistently provided dates and times of both culture collection and notification to NICU staff of a positive result. The time period from specimen collection to notification of NICU personnel of a positive result was calculated for all positive cultures. Further, the medical records of neonates who had positive cultures with a time to detection >48 hours were reviewed for clinical status, prior antibiotic usage, and whether the organisms isolated were considered contaminants or a cause of infection.
Multiple cultures from different sites growing the same bacterial organism during the same evaluation and follow-up cultures positive for the same organism during antibiotic treatment were considered as a single case of sepsis. Only the time to detection of the first positive culture from a sepsis episode was used in the analysis. Cultures growing Bacillus species, Micrococcus and diptheroids were classified as contaminants (after review of the medical records showed no infection or underlying disease in these neonates) and excluded from the study.
Over the study period, sepsis evaluations often included a peripheral venous or arterial blood culture and additional blood cultures from indwelling central lines. Blood from each site was injected into media bottles and analyzed by a continuous commercial culture detection system (BACTEC 9240 instrument, Becton Dickinson Diagnosis Instrument Systems, Sparks, MD). The BACTEC system relies on the detection of CO 2 produced in the blood culture bottle during microorganism growth. A fluorescent sensor attached to the bottom of each blood culture specimen bottle is monitored every 10 minutes, and alarms when there is sufficient production of CO 2 . Blood cultures were incubated for 5 days to isolate yeast and other slower growing bacteria, such as Listeria. Urine and CSF cultures were incubated and analyzed for 48 and 72 hours, respectively, using standard microbiologic techniques. At the discretion of the attending neonatologist, urine and CSF cultures were obtained less consistently during sepsis evaluations.
RESULTS

Organism Distribution
From January 1, 1994 through June 30, 1998, 283 of 2783 (10.2%) blood cultures obtained from neonates in the Arkansas Children's Hospital NICU were positive for bacterial isolates. Coagulase-negative staphylococci were responsible for approximately two-thirds of positive bacterial blood cultures, consistent with previous reports of late-onset neonatal sepsis. 4, 5 Staphylococcus aureus (8%), Enterococcus (9%), Group B Streptococcus (2%), and non-Group B Streptococcus species (5%) were the other gram-positive organisms isolated during the study period. Gram-negative rods (E. coli, Serratia marcescens, and Enterobacter, Klebsiella, and Pseudomonas species) accounted for 12% of the organisms isolated from blood. During the study period, 48 of 724 (6.6%) urine cultures were positive for bacterial organisms, with predominance of gramnegative rods. These organisms included E. coli (19%), S. marcescens (6%), Enterobacter (38%), Klebsiella (12%), Pseudomonas (2%) and other gram-negative rods (6%). Enterococcus, S. aureus, and coagulase-negative staphylococcus comprised the other 14% of urine isolates. Of the 294 CSF cultures obtained during sepsis evaluations, 16 (5.4%) were positive, with over half growing coagulase-negative staphylococci. Other CSF cultures grew S. aureus, Group B Streptococcus, non-Group B Streptococcus species, E. coli, and Pseudomonas species.
Time to Detection
Based on data from all of the cultures, 98% (97% of blood cultures and 100% of both urine and CSF cultures) had a time to detection of 48 hours (Figure 1 ). The medical records of the eight patients whose blood cultures became positive >48 hours were reviewed (seven with coagulase-negative staphylococci and one with Stenotrophomonas maltophilia). Four were obtained from neonates whose status were deteriorating and had clinical signs of sepsis (three with coagulase-negative staphylococci and one with necrotizing enterocolitis with St. maltophilia). All of the clinically ill neonates with coagulase-negative staphylococci identified after 48 hours eventually had two of two positive blood cultures from the initial sepsis evaluation; follow-up cultures from two of the three neonates were also positive for coagulase-negative staphylococci. Despite negative cultures at 48 hours in these four patients, antibiotics would not have been discontinued, and a full course of antimicrobial therapy would have been prescribed to treat their ''clinical'' sepsis. Positive blood cultures for coagulase-negative staphylococci were also obtained from three clinically stable patients already on antibiotics treating other organisms, and regarded as contaminants 
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Discontinuing Antibiotic Therapy for Neonates in the medical record. Follow-up blood cultures from these neonates were negative for all organisms. One additional culture became positive at 58 hours with coagulase-negative staphylococci from another neonate not on antibiotics. This organism was considered a contaminant because there were no clinical signs of infection, no antibiotics were given and follow-up cultures were negative. If the four likely contaminated blood cultures positive after 48 hours are excluded, 99% of all cultures were positive 48 hours.
DISCUSSION
In sick, hospitalized neonates, the evaluation and treatment for possible sepsis requires the empiric initiation of broad-spectrum antibiotics while awaiting blood, urine, and CSF culture results. The appropriate clinical observation period when cultures may safely be presumed negative (even though cultures are incubated and held for much longer before being discarded) is the major factor in deciding when to discontinue antibiotics. Despite evidence suggesting that 48 hours may be more appropriate, neonatologists from our institution have waited 72 hours before concluding that all cultures were negative and stopped antibiotics for routine late-onset sepsis evaluations. In two prior studies of neonatal bacteremia, where a majority of S. epidermidis were excluded as probable contaminants, 96% to 97% of blood cultures were positive within 48 hours. 1,2 Using the continuously monitored BacT/Alert microbial detection system, Hurst and Yoder 3 found that 99% of all neonatal bacterial blood cultures were positive within 48 hours. They suggested that if clinically indicated, discontinuing antibiotics was appropriate at 48 hours following negative blood culture results.
Using the BACTEC 9240 system, we found that 97% of positive blood cultures had a time to detection 48 hours, confirming previous reports. In addition to the large number of cultures reviewed over the 4 1 / 2 -year study period, an important feature of this investigation has been the analysis of time to detection for all positive urine and CSF cultures, an aspect of the neonatal sepsis evaluation not previously examined. All bacterial urine and CSF isolates were identified before 48 hours, using standard microbiology culture techniques. In total, there were 343 positive cultures with 99% becoming positive by 48 hours (excluding the four contaminated blood cultures). Our data provide convincing evidence that a decrease from 72 to 48 hours of antibiotic therapy for negative lateonset sepsis evaluations is appropriate in our neonatal referral population. It is notable that blood cultures are incubated for 5 days at Arkansas Children's Hospital, to be assured that other possible slower growing pathogens are isolated even after antibacterial therapy is stopped. These data, however, do not address the concept that all infected neonates will necessarily have positive cultures, or that all neonates with negative cultures should not be given a full course of antibiotics. Thus, the decision to discontinue antibiotics is still a clinical one, and should not be based solely on culture results alone.
This study is subject to a number of limitations. Our sepsis evaluation protocol during the study period typically included only one blood culture, and frequently urine and CSF cultures were obtained only after a blood culture was identified as positive. This lessened our ability to identify whether certain organisms (i.e., coagulasenegative staphylococci) may be contaminants or true causes of infection. We may also have underdiagnosed urinary tract infections and meningitis because urine and CSF specimens were often obtained after neonates were already on antibiotics for 24 to 48 hours. Moreover, because CSF cultures may be positive when blood cultures are negative, 6 we may have missed some cases of meningitis because CSF cultures were not routinely obtained (especially when blood cultures were negative). Further, this study only evaluated bacterial sepsis; therefore, no conclusions could be reached regarding duration of antifungal therapy. Finally, because the study setting is a totally outborn referral-based NICU, we were only able to investigate late-onset sepsis evaluations, which are not generalizable to early-onset sepsis workups from NICUs with predominantly inborn populations. Despite these limitations, we find considerable support for decreasing empiric antibiotic therapy to 48 hours for neonates in our study population with suspected sepsis and negative late-onset sepsis evaluations.
Based on the data, our neonatology group has decreased the observation period and empiric antibiotic coverage for neonates with presumed late-onset bacterial sepsis and negative cultures from 72 to 48 hours. This protocol change has many potential benefits. First, we have decreased the duration of exposure of broad-spectrum antibiotics, associated with the development of candidemia, 7 to a majority of our patients. Second, this reduction in the use of antibiotics may help to decrease the emergence of resistant organisms in the NICU. Finally, this will yield cost savings with a minimum of effort.
